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Pervasive computing Requires Broad
Jiechnological Advances
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These focus on component technologies -
NIST focuses on interoperability,
tegration, testing, and standards.

Academic Labs:

U: Pervasive invisible computing; Automated
eillance; Multi-modal perceptual interfaces
Georgia Tech: eClass; Aware home; Future
Computing Environment group

(IPCRES)
MIT: House of the Future; Intelligent Room; Media
Laboratory Gesture and Narrative Language Croup;
Things That Think; Oxygen; Kids Room; Smart
Desks; Smart Room specialized for Business
environment; Wearable Computing

Rutgers CAIP: DISCIPLE; Multimedia
Information Systems Laboratory; Microphone
Arrays; Multi-modal User Interaction
Stanford: Interactive Workspaces; Responsive
Workbench; Project Archimedes

University of California: Profollower; User
Interface Research; Audio Video Interface for
Intelligent Environments

Interactivity _
Intel: OPEN CV; Home RF Working Group
Microsoft Research: Intelligent
Environments; Easy Living

Motorola: Human Interface Laboratory
SUN Microsystems: Java/Jini; Advanced
Computer Interfaces

Xerox FX Pal: Smart Media Spaces

SRI: Mediated Spaces

.. More too numerous to mention

Indiana University: Pervasive Computing Research



1puting has been an explosive market
e exceptional promise,' said Richard A.

nolog in-home broadband networks.
infrastructure for wireless web content.

unications - standards-based, wireless technology.

ntropia -Distributed computing technologies.

MobileArﬂa’ nds-free mobile Internet service platform for automobiles.

PacketVideo - Video and audio on wireless networks.

Silicon Wave - Semiconductor products and silicon tuners.

Tresidder - Mobile marketing and commerce on wireless devices.

United Devices - Distributed computing technologies.

ViaFone - Interactive mobile applications for businesses.”



WEeDSearch Engine shows
over aMillion Hits
(Spurce: Google March 2001)

- ok -

m Smart Space - 778,000

m 802.11 - 125,300

m UPnP - 100,000

m Dynamic Device Discovery - 76,600
m Home RF - 13,700



INISH| Pervasive Computing
Identify:ana Enhance

Key Technologies: | - Key partners:
= Pervasiverdevices: : — Industry:
= Smart Space: BBN/GTE, FX/PAL,

HP, IBM, Kaiser Permanente,
Bell South, SRI

s Wireless: Sun, Microsoft,
Bluetooth SIG with Ericsson,

Wigeldss vgaicco)s

"

VICe) DISCOVEL

- q IBM, Intel,
lTacerana G ¢
R deta overnment:
. d = DARPA, NSF, FCC, DoD
m Data flow standardization Acad e Lab
. — Academic Labs.
— Advanced mterfacesf i
s Rutgers CAIP Center; Georgia
m Speech Tech; MIT AI Lab
m Speakers — You?
m Faces
m Gestures
m Biometrics



NISIFROIEe:

NEUTRAL JIHIRD PARTY
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m Collectin g common

rererence data for'industry:

— Sensor based interfaces
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— Metrics companies need, but
cannot invest in

— Data annotation systems

— impartial evaluations of
systems and components

— conformance & interoperability
tests

ervasive Computing is in its infancy, requiring

high risk technologies, from numerous
poratories and companies”

Develop Modular test beds for
pervasive technologies

Reference data set construction

functional evaluation:
m Recognition components
— Speech
— Speakers
— Faces
— Gestures
Densely populated wireless
pervasive environments

Wireless protocol interoperability
testing

Provide unique infrastructure for
data transport, interoperability,
service/device discovery and
testing



Distributed
Computing
Resources

Data
Acquisition
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LV HE ESS
Networking

Multi
Modal
Sensors

Technologies

Academic
Research
Laboratories

Technology
Development
Companies

Reference Data - Acquisition

Technology
m 7esting - Interoperability, and
compatibility Suvti T

Agencies Companies

m Partnerships - Industrial and
academic R&D laboratories Organizations



Computing
jon Challenge

B Meeting'Room F:‘J; m This Can't Happen

Bet J f i rJEj Without:
— Tak : — Cooperation - By numerous
to R&D Labs
Ar}'s , e
R . — Interoperability - Numerous
devices must play together
Accesses information for Y _g
participants — SW/HW Integration - Sensor
_ Provides security based on arrays must deliver data to
participant biometrics nUMerous recognition
— Supports Service and device component::,
discovery for pervasive — Advances in Interface
computers Technologies that Sense,

Recognize, Respond



Examiple:Smart Flow Integration
nveropency - NIST Array

Traun cafalt




200+ Microphen
— ADAT close-talk
— Three arrays

m Creation of meeting speech
Corpus

m Annotation of corpus

m Cooperative work with
technology providers/users

ICrophones

yom| Project Data
llection

Proposed Meeting Room Space: 225/B-243 22.5’ x 10.5’

Wireless
Receivers
Cabinet

i i) il

Conference Table 10’ x 3’

=i =) =)
. |

D

Entrance
Ramp

White Board

Machine Room ideo COTS Mic
ion Data Collection
System

Mic Array

Data Collection

System

NIST ‘SmartFlow’ synchronization



I Large Screen Display

Camera
Elements

m Multi modal sensors:
e arrays

Equipment

— eras/video capture \ Room
m Pervasive devicegﬂ. -.

— Lap tops

— Palm tops -.

— Tablets
m Multiple wireless protocols:

- 802.11

— Bluetooth

Home RF




- Multi modal sensor arrays
- Multi-channel data collection
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m The syste s detail work
— resource searching
— data pushing
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m Promotes well defined, public, interface = }C_,antwm vector,

standard for component technologies — —

m Data types: Video, Audio, Vectors, Matrices,
Opaque data

Cepstral coefs
m Open Source, documentation, currently HLTN vicoi_ (S ol coend
L -aptare J = ization amera Conmands

downloadable

bnw



NewYork Times Reports on
NISIFSmartElow Users with Mk-II1 Array

‘Smart Home Eases Elder Care




gine J\JIST Qj)r rt Flow System

s IBM Via Voice

m Audio capture and output, matrix, 64 channel audio, channel
extractor, single channel audio, and vector input/output

m Novel SNR Metric
m MIPEG player and recorder, video capture and display
m LML H33 camera, IIADC 64 drivers for Linux

art flow interface
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= Multifchannel ati@io

rultichannel audio in

— Beamformed channel




Without Multicast : bandwidth
usage is proportional to the number
of receivers =

I1x MB/s

With Multicast : bandwidth usage
is a constant




Simart Space Test Bed

Wireless EIJVJI’JIJHJ:‘IJE
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using Smar: Spaceappllcatlons

— Concurrent applications for stress
— Bluetooth RF level BER quality

— Protocol conformance

— Interoperability

yo) THE WALL STREET JOURNAL

January 8, 2001

Raft of New Wireless Technologies | :
Could Lead to Airwave Gridlock §

By JARED SANDBERG -
Staff Reporter of THE WALL STREET JOURNAL

“... Brace for mid-air collisions. The high-tech industry
is hyping a raft of new ... Palm hand-held devices and
other gadgets to the Internet and corporate networks,
as well as to each other. ... But these technologies
communicate in the increasingly crowded 2.4 gigahertz
band of the radio spectrum, potentially clogging the
airwaves...”

m The NIST Advanced Network
Technology Division will use Smart
Space test bed as a measurement
lab for emerging wireless
Technologies:

— ANTD responsible for measuring
tools from the physical point of view

— TAD responsible for measuring
technologies at signal, human
interaction, and application levels



'vasive Device  command
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sugivass o Dictation
— Proxim RangeLAN2 (2Mbit/s) e
— BlueTooth PCMCIA cards (ZMbS) Usemame -
— Intel Home RF R
— Smart Flow Infrastructure
— Device Discovery Authentication

Wireless Col
T
_ CISCO Aironet (11Mbit/s) =
m Communication Tool: File Transfer \
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,SN! MEetric for Speech In Noise
"Ho Mcﬂ do-AIgorlthms Help?

We never g.eE to see speech
wi t noise
Zer; ussian Mixture B

com ponents:
— Background

— Unvoicec@h

— Voiced spee
EM Estimation of Mixture, high
speed open source tool available
Example:

— Single microphone SNR=9dB

— Beam former SNR=21dB
— 12dB improvement




e Done So Far?

Developediandidocumented the Multicast TCP/UDP data

NIST Smart Flow S‘ﬁ'ijajfr( NSES),  transmission to address
bandwidth limitations for high

data rate sensor arrays

Opened cooperative efforts
using NSFS Open Source with
Premier R&D Laboratories:

— Rutgers CAIP Center

— MIT AI Laboratory

— Georgia Tech Aware Home

— Bell South

— Kaiser Permanente Research

Developed novel SNR

measurement tool to evaluate
speech SNR

DeployediNIist Smart Space

al e\~ . 1' ~ L - ~
Research Web Site

Acoustic source loca
on beam former

Integrated components:
— IBM Speech Recognition
— Intel OpenCV Face Recognition

— Wireless networking
components




N
Meeting Room: \ Expand the Industrial Partners
— etz cfptnisrinle) il ettty group
Deploy Smart Flow system to
more R&D organizations, and

improve it using open source
model

— Gesture|recognition B Move towards establishing
— Information retrieval Smart Flow system

m Compatibility/performance interoperability standards
testing of 2.4GHz band wireless working group

= SOmEaltomaciannoeLatic

protocols: m Integrate more technologies and
— 802.11 provide multi modal, multi
— Bluetooth sensor reference data, and
— Range LAN compatibility tests in

cooperation with other NIST
groups

— Home RF



e NISI Smart Space Project

-

Rerllice barriers.to R&pD M Create entrepreneurial
entry: opportunity:

: i | — Standardized data transport
Sinart EleWASaVEs @1}7 layer allows coop_erative
At startip development projects

— Interfaces to other industrial

components can allow new
combinations of technologies,

sensor fusion and recognition
technologies.

s Data acqwsuti%n
— Audio
— Video
m Data Archiving m Vincent.Stanford @NIST.Gov
m Signal processing
m Beam forming
m Performance metrics



	The NIST Smart Flow System:  Integrating Intelligent Systems
	Pervasive Computing Requires Broad Technological  Advances
	Just A Sample of Related Efforts:
	Venture Capital Conference
	Web Search Engine shows over a Million Hits(Source: Google March 2001)
	NIST Pervasive Computing Identify and Enhance
	NIST Role: NEUTRAL THIRD PARTY
	The NIST Smart Space Project isAbout Cooperation:
	A Pervasive Computing Integration Challenge
	Example: Smart Flow IntegrationIntel OpenCV - NIST Array
	Meeting Room Project Data Collection
	Smart Space Test Bed
	The NIST Smart Flow Interoperability Standard
	New York Times Reports onNIST Smart Flow Users with Mk-II Array
	The NIST Smart Flow System Presently Contains
	Smart Flow System Display Examples
	Multicast in the Smart Flow system
	Smart Space Test Bed Wireless Environment
	Discovery of Pervasive Device by Smart Space
	An SNR Metric for Speech In Noise How Much do Algorithms Help?
	What Have We Done So Far?Summary
	What’s Next?Summary
	The NIST Smart Space ProjectSummary

